Intestinal type alkaline phosphatase (IALP) mRNA-specific cRNA probe was synthesized by non-cloning method for in situ hybridization (ISH) analysis. Total RNA was extracted from small intestine of male F344 rat. Reverse transcription-polymerase chain reaction (RT-PCR) was performed for IALP gene. T7 promoter adapter was directly added to IALP cDNA-specific PCR product by ligation reaction. IALP cDNA accompanied by T7 promoter adapter was then amplified by PCR using IALP gene-specific primer in combination with T7 promoter adapter primer sequence and used as a template of cRNA probe. Digoxigenin-labeled cRNA was synthesized by in vitro transcription method using RNA polimerase. ISH was performed using formalin-fixed, paraffin embedded small intestine tissue. As a result, the cytoplasm of mucosal epithelial cells was successfully stained with this cRNA probe. The present procedure is quite simple and a rapid way to prepare the cRNA probe and would be very useful for ISH analysis of formalin-fixed paraffin embedded tissue sample. (J Toxicol Pathol 2003; 16: 247-251) 
Introduction
In situ hybridization (ISH) is a powerful tool to analyze the expression and localization of specific mRNAs in various tissues and organs at the level of individual cell [1] [2] [3] . The cRNA probe used in ISH analysis has generally been obtained by cloning of PCR product or other DNA fragment into a plasmid vector containing T7 or SP6 phage promoter 4, 5 . This time consuming multi-step procedure involves a ligation of DNA fragment, transforming competent cells, bacterial culture, isolating plasmid DNA, restriction digestion, purification of template DNA and in vitro transcription of labeled RNA. Although, there is an alternative way to add a promoter by PCR reaction alone, approximately 30-40 mer primers are needed for each DNA fragment 6 . Here we described a simple and rapid method to make non-isotopic, digoxigenin (DIG)-labeled cRNA probe for ISH analysis of formalin-fixed, paraffin embedded tissues, a most widely used samples for histopathological study.
Materials and Methods

Reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted from the duodenum of an 8 weeks old, male F344 rat using Trizol reagent (Invitrogen, Carlsbad, CA, USA). The intestinal type alkaline phosphatase-1 (IALP) cDNA was amplified by RT-PCR, using Superscript II (Invitrogen) and Platinum Taq polymerase (Invitrogen) according to the manufacturer's instruction. IALP was chosen because its protein localization is known to be limited in the brush border, apical surface of intestinal mucosal epithelium 4 and thus the localization of IALP mRNA would be separated from those of the protein. The primers for IALP cDNA were designed to obtain 504 base pair PCR product using Primer 3 software provided by Whitehead Institute/MIT Center for Genome Research. (http://www-genome.wi.mit.edu/cgi-bin/primer/ primer3_www.cgi). Sequences of the up-and down-stream primers were 5'-TTGATGTGATCCTTGGTGGA-3' and 5'-AAGCAAAGACATGGGAGTGG -3', respectively. PCR product was checked with agarose gel electrophoresis.
Ligation of T7 promoter adapter and PCR of probe template
T7 phage RNA polymerase promoter adapter was directly added to RT-PCR product using Lig'n Scribe promoter addition kit (Ambion, Austin, TX, USA) according to the manufacturer's instruction. Namely, IALP cDNA and T7 promoter adapter oligonucleotide were incubated with T4 DNA ligase for 10 min at room temperature. The T7 promoter adapter-added cDNA was amplified by PCR reaction with IALP-specific up-or down-stream primer and T7 promoter adapter primer using Platinum Taq polymerase (Invitrogen). PCR product and its size were checked with agarose gel electrophoresis.
In vitro transcription 0.2 µg of template IALP cDNA with T7 promoter adapter was incubated with T7 RNA polymerase (Roche Diagnostics, Basel, Switzerland) for 2 h at 37°C in combination with DIG labeling mix (Roche Diagnostics) and RNase inhibitor (Roche Diagnostics) according to the instruction of these products. DIG-labeled cRNA sample was cleaned up using RNeasy mini kit (Qiagen, Chatsworth, CA, USA).
Confirmation of DIG-incorporation
DIG-labeled cRNA probe was sequentially diluted by water and aliquot was applied on the non-charged nylon membrane (Hybond NX, Amersham Biosciences, Piscataway, NJ, USA). The nylon membrane was then UVclosslinked and incubated with anti-DIG antibody (Roche Diagnostics). The antibody binding was detected by NBT/ BCIP solution (Roche Diagnostics) according to the manufacturer's instruction.
In situ hybridization
An 8-week old male F344 rats was sacrificed under ether anesthesia and duodenal tissue was removed, fixed in 10% neutral buffered formalin for 24 h at room temperature, routinely embedded in paraffin, and five micrometer section was cut. The sections were deparaffinized and cleared using xylene and graded ethanol, respectively, then immersed in PBS (pH 7.4) for 30 sec. The samples were then incubated with 2-10 µg/ml proteinase K (Roche Diagnostics) solution at 37°C for 10 min, re-fixed in 4% paraformaldehyde-0.1 M phosphate buffer solution, and repeatedly washed by PBS (pH 7.4) for 15 sec. The sections were then treated with 0.1 N hydrochloride at room temperature for 10 min to inactivate the internal alkaline phosphatase activity and repeatedly washed by PBS (pH 7.4) for 10 sec. Then acetylation treatment to reduce non-specific hybridization was performed. The samples were incubated in 0.1 M deionized triethanolamin (pH 8.0) at room temperature for 1 min, followed by 0.25% glacial acetic acid-0.1 M deionized triethanolamin (pH 8.0) treatment at room temperature for 10 min. They were then washed repeatedly by PBS (pH 7.4) at room temperature for 15 sec. cRNA probe was dissolved in the preheated hybridization buffer (Genostaff Co., Tokyo, Japan) at a concentration of 1 mg/ml and let stand for 3 min at 85°C. The probe solution was placed on the section followed by the covering by a small piece of paraffin film. Negative control sample was incubated with hybridization buffer without cRNA probe. They were then put in the chamber humidified with 50% formamide and incubated for 16 h at 50°C. Sections were then washed with 2× SSC-50% formamide at 50°C for 30 min, and 0.2× SSC at 50°C for 10 min.
Signal detection by immunohistochemistry
The samples were immersed in 0.1 M Tris-HCl (pH 9.5)-0.3 M NaCl at room temperature for 15 min. After blocking of non-specific binding by Block Ace (Dai-Nippon Pharma, Osaka) at room temperature for 30 min, sections were incubated with anti-DIG antibody (Roche Diagnostics) with 500× dilution by Block Ace at room temperature for 30 min and repeatedly washed with 0. 
Enzyme histochemistry
To detect IALP activity in duodenal epithelial cells enzymehistochemical staining was performed. Paraffin sections were cut and deparaffinized as described above, repeatedly washed with 0.1 M Tris-HCl (pH 7.4)/0.3 M NaCl, and incubated with NBT/BCIP with the same procedure used in ISH analysis.
Results
cRNA Probe synthesis
Overall strategy for cRNA probe synthesis is schematically shown in Fig. 1 . Five hundred and four base pairs in length of rat IALP cDNA was successfully amplified by RT-PCR without non-specific amplification (Fig. 2) . The T7 promoter adapter sequence (62 bp long) was given to IALP cDNA, and this chimeric sequence was specifically amplified by PCR reaction with IALP gene-specific upstream primer in combination with T7 promoter adapter primer. In agarose gel electrophoresis analysis, the PCR product size was shifted to the larger side, and it was confirmed to be 566 (consistent to 504 plus 62) base pairs in length (Fig. 2) . After in vitro transcription reaction, single band having an expected base pair size was observed in agarose gel electrophoresis (Fig. 3 ). DIG-incorporation was confirmed by NBT/BCIP staining of nylon membrane spotted with cRNA solution. The positive staining was obtained at or less than ×12500 dilution of the original cRNA probe solution (Fig. 4) .
Enzyme histochemistry and ISH analysis
In enzyme histochemical staining, apical surface of duodenal mucosal epithelium was strongly positive. There was not any positive signal in the crypt epithelium ( Figs. 5A  and B) . In ISH analysis, signal localization was perfectly matched with those in enzyme histochemistry at cell population level, while their subcellular localization was clearly different. Namely, strong signal was diffusely observed in the cytoplasm of mucosal epithelial cells in ISH analysis while enzymatic activity was limited on the brush border (Figs. 5A-D). Non-specific hybridization was not observed in submucosal connective tissue, lymphoid cells, blood vessels, as well as the smooth muscle tissue. There was not any positive signal in non-probe, negative control sample. As for proteolytic pretreatment, the best result was obtained with 10 min treatment with proteinase K in a concentration of 10 µg/ml in this experiment (data not shown). Inactivation of internal alkaline phosphatase activity was confirmed by negative control slide incubated with hybridization buffer instead of cRNA probe. 
Discussion
Although cRNA probe requires more care to handle because of RNase problem, it has significant advantages including getting over the inaccessible sequence, stable RNA-RNA hybrids that allows high stringent wash, the ability to use posthybridization RNase to reduce background staining 2 . cRNA probes are generally synthesized by in vitro transcription method using template cDNAs that is cloned into transcription vectors possessing a RNA polymerase promoter 5,6 . This method is, however, contains timeconsuming, complicated procedure and usually takes several days to obtain the final product. In addition, some regulatory issues regarding DNA recombination experiment are inevitable to conduct this protocol. Young et al. 7 have previously generated cRNA probe by direct amplification of specific sequence of genomic DNA by PCR using chimeric 30-40 mer primers containing RNA promoter sequence and applied it to isotopic ISH analysis.
In the present study, we directly added a T7 RNA polymerase sequence to RT-PCR product using the T4 DNA ligase and used it as a template of cRNA probe. Whole experiments have been completed in just a few days showing the advantage of this method over the cloning procedure that requires several days to make comparable probe. The most important point of the present study is that we could amplify the PCR product containing T7 RNA phage promoter in the chosen orientation using a T7 promoter primer in combination with gene specific primers. Because majority of T7 promoter adapter was considered to be added one of each side of PCR product due to very short ligation time, anti-sense or sense-cRNA probe could be synthesized using T7 promoter adapter primer in combination with upper-or down-stream gene-specific primer, respectively. Although T7 adapter may occasionally be added on both sides of PCR products in the ligation step, both ends of this DNA has complement sequence and would anneal each other after denaturing, forming the cyclic structure that is hardly amplified by PCR.
ISH protocols have previously been developed using isotopic labeling method [8] [9] [10] [11] then various non-isotopic detection methods including DIG-labeling method have been established offering advantages such as safety, less disposal problem, probe stability, low cost etc [12] [13] [14] [15] [16] . In addition, frozen tissue sections have been widely used for ISH analysis because of good preservation of mRNA. However, using frozen tissues for ISH analysis may not be the best choice because the morphology is at best poor and precise histopathological examination is hampered 17, 18 . Hence, successful application of cRNA probe to ISH analysis of formalin-fixed, paraffin-embedded tissue sample is quite noteworthy since that is the most frequently used procedure in routine pathology examination because of its simplicity and good morphology. Further, retrospective ISH Apical surface of duodenal mucosal membrane is strongly positive in enzyme histochemistry. There is not any positive signal in the crypt epithelium. In ISH analysis, the tissue localization of IALP mRNA is perfectly matched with those of enzyme histochemistry analysis for ALP. Diffuse, strong positive signal is observed in the cytoplasm of surface mucosal epithelium, but not in crypt epithelial cells. A and C: ×40, B and D: ×100.
analysis using a past study samples would be possible in combination with other pathologic methodologies such as immunohistochemistry, enzymehistochemistry, and various kind of special staining. The most important step of the ISH procedure is proteolytic pretreatment of the sections before hybridization step 1 9 , 2 0 . The intensity of signals and non-specific background staining in fact depended on the concentration of proteinase K solution in the present study. Excessive digestion resulted in poor morphology and signal depletion and insufficient proteolytic treatment brought about weak signals. Optimization study on the protein digestion procedure for the tissue samples fixed by various conditions are on going in our facility.
In summary, we synthesized non-isotopic cRNA probe for in situ hybridization analysis of intestinal type alkaline phosphatase gene with non-cloning method and successfully applied it to formalin-fixed, paraffin embedded pathology sample. This simple method would be very useful for the preparation of cRNA probe and a good alternative to complicated cloning procedure using plasmid vectors.
